Nonempirical quantum mechanical calculations including electron correlation have been carried out for the lowest 3-3 and
were subject to predissociation, the individual rotational lines having half-widths varying from 0.5 to 2.3 cm 1 .
• The only ab initio quantum mechanical calculations on the potential energy curves relevant to this problem are those of showed a sCcond configuratIon, 10 2 1 0 2 2 0 2 2 0 230 3o hr 2, g u g U.
•g u u g
to be very important.Therefore the last 56 configurations in C. Method of Calculation.
The one-and two-electron integrals were evaluated to an -7 l9a accuracy of 10 hartree using a completely numerical scheme.
Construction of symmetry-adapted linear combinations of determinants was carried out by direct dia.gonalization of the operators 
D. Spectroscopic Constants for B Z 02
The calculated total energies, seen in Table II 95.6% (B), and 120.7% As expected, the correction terms w e e e x and cx are somewhat less accurate than r, w , and B . We note that the experimental values of Albritton, Schmeltekopf, and Zare 28 were obtained by fitting the observed vibrational levels to an expression including the additional constants w y and y
ee. e
Our calculateddissociation energy is in much better agreement with experiment thanthe earlier ab initio work. 14 The difference between calculated and experimental 'e is 0.245 eV, small enough to make.it impossible to determine whether our error is due to our basis setor the indequacyof the first-order wave :functiOn c 0 n c e p t.
K. Electronic Structure Considerations
The B 3 C and II states lie higher (relative to the ground state) than the states of many-electron diatomic molecules for which ab initio potential curves of comparable accuracy have
• been previously reported. 20 ' 2931 Therefore it is of Interest to see if the electronic structures of these two states display any unusual features. To this end, Table IV indicates the most important configurations in thetwo wave functions and Table V the natural orbital occupation numbers. orbital to be doubly occupied in all configurations (which amounts to the it-electron approximation in this case) puts an unrealistic constraint on the form of the wave function. states of 02 probably Indicate a general trend--that the higher electronic states of molecules may (even nea.r the eqUilibrium geometry) be very poorly described by a single electron configuration.
F. PotentialEnergy Curves
The predicted potential energy curves are 'shown in Figure 1 .
In addition 'to the IT and E curves, a 111 curve calculated by the same method 36 is shown in Figure 1 included in Figure   1 is the numerically tabulated experimental B E curve obtained by Aibritton, Schmeltekopf, and Zare 28 .
In Figure 1 
III. Predissocjatjon of the B State
Predissociatlon is one of the simplest examples of a "golden-rule", or radjationl.ess transition--i.e., the decay of a metastable discrete state into a continuum state which, is ' energetically degenerate with it. 38 The "width" associated with the 'discrete vibrational state (in units of energy) is 13 p = 2Ir 2 J<nfV 12 lk>I p,
where.l and 2 denote the initial and final electronic states,
ii and k the initial (discrete) and final (continuous) vibrational states,, and V 12 is the coupling between the two electronic states.
The matrix element in Eq. (1) is given explicitly as an integral'
where f(r.) is normalized, to unity, and if g(r) is normalized such that at large r s1n(kr + constant),
then the density of final' states in Eq. (1) is
where k = (2E2/h2), E 2 .being the final asymptotic translational, energy ofthe nuclei and p belngtheir reduced mass.
The physical meaning of P is that (fi/F) is the average time the discrete state exists before it predissociates. More precisely, if the state is observed Spectroscopically, then spectral lines involving transitions to or from it will be Lorentzian with a full-width at half-height given by r (i.e., Av = nh) provided, of coUrse, that line broadening from allother sources is much smaller, than that from predissociation.
If the potential curves V 1 (r)and V 2 (r) [i.e., the electronic eigenval'ues as:a function of internuclear distance] cross 39 at internuclear distance r then it is well-known 49 that the region of r about rx gives the dominant: contribution to the integral in Eq. (2) , so that '
i.e., the electronic and nuclear contributions to the width enter multiplicat.ively in this approximation. First we discuss the electronic factor, and then thenuclear, or Franck-Condon factor.
A For the orbit-rotationinteraction one in addition has the selection rules 40
where S is the total electronic spin and A is the component of electronic orbital angular momentum along the internuclear axis.
These are the often-quoted 41 Krnig selection rules for predissociation and are valid only if this interaction is the dominant one. The magnitude of the orbit-rotation coupling is given roughly' by ' ' ' V 12 0 (r) = (ti 2 /21ir 2 )2JIAAI = Jh 2 /pr 2 0 where J is the rotational quantum number.
The spin-orbit interaction, on the other hand, has selection rules 40
with not both AS and AA = 0 if A 0; is allowed, however, for AS 0 as well as ±1. Since this interaction involves only electronic degrees of freedom, it is independent of J, and this feature is its "signature". There is no simple way to estimate the magnitude of the spin-orbit interaction in a molecule; there is no reason, however, to expect the coupling between all states connected by these selection rules to differ greatly in magnitude.
The total electronic interaction can therefore be written in the form V 12 (r) = aJ + b (9:) where a and b are non-zero only if electronic states 1 and 2 obey the selection rules in Eqs. (6) and (8), respectively. There are two principal handles one can use to decide which interaction is dominant and thus which selection rules are most relevant:
(1) the J dependence of the interaction, and (2) the fact that one has a good estimate for the magnitude of the orbit-rotation coupling. If, for example, the predissociation width is larger than can be accounted for by the value of a t 2 /pr 2 and if the interaction appears to be independent of J, then one concludes that the spin-orbit interaction is dominant and the pertinent selections rules are those given by Eq. (8). This appears to be the case for predissoiation of the B F state of 02 at least for J not too large (see sub-section C below).
B. The Franck-Condon Factor
The second factor in Eq (5) 
T is a phase integral related to the two intersecting potential curves.
If the two potentials intersect as in Fig. 2a , then and if the intersection is as In Fig. 2b , then r dr k 1 (r) _fdr k 2 (r).
The "potential wells" associated with these phase integrals are indicated by the shaded regions In Fig. 2 .
If one approximates the two potentials as.linear functions about the crossing point, then Eq.. (10 becomes
where .
--V 1,
V 1 x and V = V 1 (r) = V 2 (r) [Eqs (14) and (15) i.e., the nuclei must "tunnel". in o.rder to predissociate.
Interest has centered recently on "secondary maxima" in the has given additional Inversion formulae, analogous to the RKR expressions, which also use experimentally determined phase integrals to obtain potential curves.
In practice, however, the data is often so far short of perfect that these analytical inversion formulae are not necessarily These maxima agree quite well with the predissociation widths measured by Ackerman and Biaume 13., although these quthors note that these secondary maxima may arise from effects other than via interference, structure in the PC factor.
C. Discussion for the B 3 E. State of 0 u 2
The main point to be established is that spin-orbit coupling is the dominant interaction causing the predissociation. First, the predissociatjon widths appear to be independent of J 15
Second, a rough estimate of the magnitude of the electronic coupling can be made byusing the line width measurements of Ackerman and Biaume. t The maximum line width near the n 4 vibrational level is r = 8 cm (their value of 4 cm 1 is the half-width at half-height). Since this corresponds to an energy just above the crossing point, one can use the "linearized approximation" to the FC factor, Eqs. (14) and (15). This maximum width corresponds to the Airy function in Eq. (14) taking on its first maximum, Ai = 53566 Combining Eq (5) with Eq (14) one thus has . . [Even if only half of the line width Is assumed to result from this particular curve crossing near n = 4, the Inferred, value of V 12 is reduced only to 78 ci'.] The orbit-rotation interaction has a magnitude.Jt12/pr2, and with r 3.6 a, •this is about 1.2J cm At room temperature the most probable value of J for ground state 02 is''8, so that the orbit-rotation interaction is on the order of 10 cm', and presumably too small to explain the observed predissociationwidths. On the basis ofits magnitude and its J dependence, therefore, the electronic interaction responsible for the predissociatlon appears to be spin-orbit coupling.
This conclusion is also consistent with our calculated TI state, which does not cross the outer branch of the B stat:, In addit ion to the predissociation maxima seen by Ackerman and Biaume13,I atn = 4, 7, and 11, most workers agree that all vibrationallevels n = 3 to 17 are predissociated to some extent. ri This could very well be a result of the H state which intersects the innet branch of B E the two potentials being so nearly parallel that the first maximum of the Airy function in Eq. (10) C' 
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